The article is concentrated on the energy storage problems arising from microgeneration in private households. The case study involves a small-scale wind and solar electricity production set in a net zero-energy building. Both the net zero-energy building and the microgeneration units are connected to an utility grid. The current article serves to confirm the hypothesis, that the self consumption is at its maximum with the annual 70/30 wind and solar energy mix of in favour of the wind. The maximal self consumption at no additional energy storage in a net zero-energy building is studied as well. Produced and consumed energies are equal, which satisfies the requirements for a net zero-energy building with the utility grid acting as an energy buffer. The consumed energy is used to operate a heat pump, heat up ventilation supply air, run ventilation fans, supplying non-shiftable loads (white goods, TV, lighting etc), heat up domestic hot water via heat pump. To express self consumption, we use the term of supply cover factor, which describes optimally the directly consumed energy in relationship to net consumption or production. In annual scale, the cover factors for a net zero-energy building are equal as the production and consumption are equal as well. Also, seasonal variations in self consumption are studied. According to study results, the annual maximal supply cover factor in a net zero-energy building is 0.375 with 70/30 wind/solar mix. Seasonally, the self consumption is at its maximum in summer when the supply cover factor equals to 0.49.
INTRODUCTION
Net zero-energy building is a building where the energy balance for the end of a year is equal to 0 (Directiv e…, 2010). Usually, a net zero-energy building is tied to an utility grid. Throughout a year, the utility grid acts as an energy storage medium. Among the renewable energy sources, the solar and wind have the longest historical records with growing acceleration numbers during the recent decades (Kaldellis and Zafirakis, 2011) . The wind and solar share in the overall energy mix is growing mainly thanks to the new installations, the micro generation owes much of its popularity to the EU requirements on the net zero-energy buildings (Directive…, 2012) . The variance and unpredictability of wind and solar generation is a well-known fact . To compensate the stochastic character of these energy sources, several local demand side management (DSM) technologies are applied. One of the many possibilities is the application of heat pump loads, discussed in the current paper (Vanhoudt et al., 2014; Elkinton et al., 2009 ). Previously, only solar-based energy input was considered for net zero-energy buildings (Luthander, 2015) . The paper aims to study the share of self consumption in a net zero-energy building under different conditions and at seasonal level. Finally, the conditions for maximal self consumption is found.
METHODS
The wind generator and solar panel production graphs were recorded on a building's roof at coordinates 58°23'19'' N, 26°41'37'' E in the city of Tartu, Estonia. The network analyzer Janitza UMG 605 (Janitza…, 2017) with current transformers Circutor P2 TC5 M70312 provided data acquisition (Circutor…., 2017). The recorded data series begin on December 1, 2015 and end on November 30, 2016, covering all four seasons. The energy production data was logged as averaged values at 5-minute intervals, the calculations are based on the sum energies over 5-minute periods. The annual output energy of production units is scaled according to the consumption, being equal to the annual consumption in any circumstance. Figure 1 presents fundamental scheme of the zero energy building with energy supply microdevices and connection to the grid. Non-shiftable loads such as white goods are presented as a separate component. Initial data for this study consist of a typical annual net zero -energy building electrical load ( Fig. 2 ) that includes heat pump compressor, ventilation supply air heat load, fan load and non -shiftable load graphs (lighting, TV, white goods etc). The annual electricity consumptions are Whp=1835 kWh/y for the heat pump, Wvh=1628 kWh/y for ventilation supply air heating, Wvv=1335 kWh/y for operating the fans, Wns=2802 kWh/y for the non-shiftable loads. The total electricity consumption is Wt=7600 kWh/y.
Figure 2. Consumption curves of net zero energy buiding
The energy balance of the given net zero energy buildings described as:
where Wpv -annual solar electricity generation, kWh/y, Ww -annual wind electricity generation, kWh/y. Figure  6 and Table 1 .
The current simulation is based on the scaled production graphs of the following electricity microgeneration units: horizontal axis, 3. 2) where PS is the local power supply and PD the local power demand.
The time when PD(t) ≤ PS(t) is denoted as t0…t1, and t1…t2 is the time when PD(t) > PS(t).
The supply cover factor YS is a measure for the self-consumption of locally produced renewable energy. Similarly , the demand cover factor YD is defined as 'the ratio to which the energy demand is covered by the local supply' and indicates the 'self-generation' (Vanhoudt et al., 2014) . If production and consumption are equal, the supply and demand cover factors are equal as well (Luthander, 2015) . Further, for sake of clarity, we consider only the supply cover factor, as it expresses the ratio of self consumption into the consumed energy and not into the produced energy, described by the demand cover factor..
RESULTS AND DISCUSSION
In case of a net zero energy building with no additional energy storage units applied, one of the possibilities to optimize self consumption is to change the annual wind/solar energy shares. Figure 5 describes the impact of different annual wind/solar electricity production shares on the supply cover factor.
According to Figure 5 , the supply cover factor peaks at Y=0.375 when annual wind/solar mix is 70/30 in favour of the wind energy. This production mix has been confirmed in a wider scale, as show the similar calculations for Greece (Caralis, 2011) Figure 6 illustrates the same process at seasonal level. The supply cover factor has its lowest value in winter, when the power generation is maximu m at 100/0 wind/solar mix, as 100% of the electricity is supposed to be provided by the wind generator and the net sum of solar irradiation is negligible. However, at seasonal level, the supply cover factor in summer is the highest: higher than 0.5 in very large range of energy mix values. If energy mix were 0/100, i.e. 100% solar, then values for all seasons would be quite apart differing from 0.06 to 0.5. On only wind-powered supply, cover factors are in range of 0.2 in spring to 0.4 in winter. During summer, the supply cover factor has the highest value, when the wind and solar energy productions are more or less eq ual ( Table 1) . Detailed simulation results of 70/30 annual energy mix are presented in Table 1 . Highest demand and production appears in winter resulting in supply cover factor of YS=0.35. On the seasonal basis supply cover factor slightly varies in range of 0.35-0.49 with its peak value obtained in summer period. Highest value of supply cover factor in summer can be explained by low demand. Increase in supply cover factors can be obt ained with the application of storage devices e.g. battery. For instance, if we use instead of wind generator and PV panels energy source with constant output power, P=0.868 kW, what covered electricity supply 7600 kWh/y, then YS =0.71.
CONCLUSION
The article discusses maximising self consumption in net zero-energy buildings without additional energy storage units. One can claim, that the 70/30 mix is an universal one regardless of latitude and local wind conditions.
• At annual wind/solar energy mix of 70%/30% in favour of wind, self consumption reaches its peak resulting in supply cover factor of Y=0.375.
• Application of wind power as the only energy source in a net zero -energy building results in supply cover factor of YS =0.323.
• Application of 100% PV panels produces supply cover factor of YS =0.234. 
